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We explore constraints on the charged Higgs sector in the left-right symmetric model from the
present experimental data. Due to the different Yukawa structure, the allowed parameter space of
the charged Higgs boson in the LR model is different from that of the two Higgs doublet model. We
find that the constraint from t → bH± decay at Tevatron is most significant, while B → τν decay
could provide no constraint on the LR model. Bounds from e−e+ → H−H+ process at LEP are
similar to those in the two Higgs doublet model.
I. INTRODUCTION
Understanding the mechanism of the electroweak symmetry breaking (EWSB) is one of the most important motiva-
tion of new physics beyond the standard model (SM). The nature of the EWSB will be experimentally studied at the
CERN Large Hadron Collider (LHC) and the e−e+ linear collider (ILC) in the future. In the SM, one neutral Higgs
boson exists as a result of the EWSB, of which mass is not predicted in the theoretical framework. In many models of
new physics beyond the SM, more symmetries are involved and the Higgs sector should be extended to break larger
symmetry. Generically, the charged Higgs bosons are predicted by models with extended Higgs sector although they
do not exist within the SM. Thus the observation of the charged Higgs boson is clearly a direct evidence of the new
physics. The charged Higgs boson in the two Higgs doublet (2HD) model or the minimal supersymmetric standard
model (MSSM) has been examined through the pair production at the CERN Large Electron Positron Collider (LEP)
[1] and top quark decay process t→ bH± at Tevatron [2]. The absence of the observed charged Higgs boson so far de-
rives constraints on (tanβ,mH±) parameter space for these 2HD type models. Recent measurement of Br(B
± → τν)
by Belle provides indirect constraints [4] since B± → τν channel is sensitive to the annihilation diagram mediated
by the charged Higgs boson in the 2HD model [3]. The phenomenology of the charged Higgs boson has been widely
studied at the LHC [5, 6, 7, 8, 9, 10, 11].
Inspired by the custodial symmetry in the Higgs potential, additional SU(2) gauge symmetry attracts much interest
as an underlying structure of the new physics [12, 13]. The left-right (LR) symmetric model based on the gauge
symmetry, SU(2)L× SU(2)R× U(1)B−L, is one of the attractive extensions of the SM with the additional SU(2)R
symmetry [14]. In the minimal version of the LR model with the manifest left-right symmetry, the parity is an exact
symmetry of the lagrangian and spontaneously broken along with the gauge symmetry breaking. The triplet Higgs
boson ∆R is introduced to break the SU(2)R symmetry and another triplet ∆L introduced as a result of left-right
symmetry. The scale of the SU(2)R symmetry breaking is required to be much higher than the electroweak scale since
the masses of the heavy gauge bosons are constrained by experiments [15, 16, 17, 18]. The right-handed fermions
transform as doublets under SU(2)R and singlets under SU(2)L and the left-handed fermions behave reversely in this
model. Thus a bidoublet Higgs field is introduced for the Yukawa couplings and the EWSB. The triplet Higgs fields
violate the lepton number and baryon number and do not allow the ordinary Yukawa coupling terms. Consequently,
the weak scale phenomenology of the Higgs sector is principally determined by the bidoublet Higgs fields, and the
dominant field contents are similar to those of the 2HD model: a pair of the charged Higgs boson and three neutral
Higgs bosons. However, the structure of the Yukawa couplings and potential of the bidoublet Higgs fields are much
different from those of the 2HD model. It leads to the different phenomenology involving charged Higgs bosons and
different constraints on the parameter space by experiments from those in the 2HD type models.
In this paper, we examine the constraints on the charged Higgs sector of the LR model using the present experimental
results at LEP, Tevatron and B-factory. This paper is organized as follows: In section 2, the LR model is briefly
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2reviewed, focusing on the Higgs sector. The analysis of t → bH± process at Tevatron, H± pair production at LEP,
and B → τ ν¯ decay at Belle in the LR model are presented in section 3. Finally we conclude in section 4.
II. THE LEFT-RIGHT SYMMETRIC MODEL
The Higgs sector of the minimal LR model consists of a bidoublet Higgs field φ(2, 2¯, 0) and two triplet Higgs fields
∆L(3, 1, 2) and ∆R(1, 3, 2) represented by
φ =
(
φ01 φ
+
1
φ−2 φ
0
2
)
, ∆L,R =
1√
2
(
δ+L,R
√
2δ++L,R√
2δ0L,R −δ+L,R
)
, (1)
under SU(2)L×SU(2)R×U(1)B−L gauge group. The general Higgs potential has been analyzed in [19, 20, 21]. Min-
imizing condition of the Higgs potential is presented in Eq. (10) - (15) of Ref. [21]. For simplicity in this work,
we assume no CP violation in the Higgs sector. The gauge symmetries are spontaneously broken by the vacuum
expectation values (VEV)
〈φ〉 = 1√
2
(
k1 0
0 k2
)
, 〈∆L,R〉 = 1√
2
(
0 0
vL,R 0
)
, (2)
which lead to the charged gauge boson masses defined by
LM =
(
W+µL ,W
+µ
R
)M2W±
(
W−L
W−R
)
, (3)
where
M2W± =
g2
4
(
k2+ + 2v
2
L −2k1k2
−2k1k2 k2+ + 2v2R
)
, (4)
with k2+ = |k1|2 + |k2|2. Since SU(2)R symmetry should be broken by vR at the higher scale than the electroweak
scale ∼ k+, we have k1,2 ≪ vR. Actually vL is irrelevant for the symmetry breaking and just introduced in order
to manifest the left-right symmetry. If neutrino masses are derived by the see-saw mechanism, mν ∼ vL + k2+/vR,
vR should be very large ∼ 1011 GeV. Then the heavy gauge bosons are too heavy to be produced at the accelerator
experiments and the SU(2)R structure is hardly probed in the laboratory. Thus we assume vR to be only moderately
large for the heavy gauge bosons to be studied at LHC. Since vL is less than a generic neutrino mass from the see-saw
relation, it should be very small and close to 0. This is achieved when the quartic couplings of (φφ∆L∆R)-type terms
in the Higgs potential are set to be zero [20, 21]. We adopt this limit here.
We introduce the parameters ξ = k2/k1 and ǫ = k1/vR. Since the parameter ξ is the ratio of two VEVs for the
EWSB, it is corresponding to tanβ in the 2HD model. It is clear that ǫ≪ 1. We diagonalize the mass matrix of the
charged gauge bosons by a unitary transform(
W±L
W±R
)
=
(
cos ζ sin ζ
− sin ζ cos ζ
)(
W±1
W±2
)
, (5)
with the mixing angle
tan 2ζ =
2k1k2
v2L − v2R
≈ −2ǫ2ξ, (6)
to yield the masses
M2W1 ≈
g2
4
|k+|2
(
1− ǫ2 2ξ
2
1 + ξ2
)
,
M2W2 ≈
g2
4
· 2v2R
(
1 + ǫ2
1 + ξ2
2
)
, (7)
in the leading order of ǫ. We identify W1 ≡WSM and let W2 ≡W ′ hereafter.
3The Yukawa couplings for quark sector is written by
− L = Ψ¯iL
(
Fijφ+ Gij φ˜
)
ΨjR +H.c., (8)
where Ψi = (Uˆ , Dˆ)† is the flavour eigenstates, φ˜ = τ2φ∗τ2, and F , G are 3× 3 Yukawa coupling matrices. We rotate
Uˆ and Dˆ into the mass eigenstates by unitary transforms
UˆL,R = V
U
L,RUL,R,
DˆL,R = V
D
L,RDL,R, (9)
and define Cabibbo-Kobayashi-Maskawa (CKM) matrix V CKML,R = V
U
L,R
†
V DL,R. Here we assume the manifest left-right
symmetry, V CKML = V
CKM
R . Solving the equations for the diagonal mass matrices,
1√
2
V U
†
(Fk1 + Gk2) V U = MU ,
1√
2
V D
†
(Fk2 + Gk1)V D = MD, (10)
the Yukawa coupling matrices F and G are given by
F =
√
2
k2−
(
k1V
UMUV U † − k2V DMDV D†
)
,
G =
√
2
k2−
(
−k2V UMUV U † + k1V DMDV D†
)
, (11)
where k2− = |k1|2 − |k2|2. If ξ = 1, these solutions for the Yukawa coupling matrices given in Eq. (11) no more hold.
Actually Eq. (10) is overdetermined and we have to treat it in a separate way. On the other hand, ξ = 1 implies
the maximal LR mixing, which is phenomenologically disfavored. When MW ′ = 1 TeV, | tan 2ζ| ∼ 0.01 while the
indirect constraints on the mixing angle ζ derive the bound |ζ| < 10−3 [22, 23]. Although small ξ is preferred in order
to generate the ratio mb/mt, ξ > 1 region cannot be excluded in general. We do not consider the ξ = 1 case in this
work.
Taking the limit that the quartic couplings for (φφ∆L∆R) terms and vL go to 0, the charged Higgs boson mass
matrix is given in the basis of (φ+1 , φ
+
2 , δ
+
R , δ
+
L ) by
M2+ =


m2+ m
2
+ξ
1√
2
m2+ǫ(1− ξ2) 0
m2+ξ m
2
+ξ
2 1√
2
m2+ǫξ(1− ξ2) 0
1√
2
m2+ǫ(1− ξ2) 1√2m2+ǫξ(1− ξ2)
1
2m
2
+ǫ
2(1 − ξ2)2 0
0 0 0 m
(+)2
ρ3

 , (12)
where m2+ = α3v
2
R/2(1 − ξ2) with the quartic coupling α3 for Tr(φ†φ∆L∆†L) + Tr(φ†φ∆R∆†R) term [21]. This limit
is warranted by the approximate horizontal U(1) symmetry [24] and the see-saw picture for light neutrino masses.
Higgs boson masses are not affected by taking this limit [21]. If ξ > 1, α3 should be negative to avoid the dangerous
negative mass square of scalar fields. Note that δ+L field decouples from other three charged Higgs fields with mass
m
(+)2
ρ3 and is irrelevant for our phenomenological discussion here since it comes from the Higgs triplet ∆L. By an
appropriate unitary transform V , we diagonalize the mass matrix V †M2+V = M2+diag to lead to the transform
(φ+1 , φ
+
2 , δ
+
R , δ
+
L )→ (G+1 , G+2 , H+, δ+L ), where G+1,2 are Goldstone bosons and H+ is the charged Higgs boson of which
mass is given by
m2H± = m
2
+(1 + ξ
2)
(
1 +
1
2
ǫ2
(1− ξ2)2
1 + ξ2
)
+O(ǫ4), (13)
which couples to the quarks and leptons.
Finally we obtain the H±−quark−quark couplings
− L = D¯(gLPL + gRPR)UH− +H.c., (14)
4where the couplings are defined by
gL =
√
2
√
2GFV
∗
UD
(
mU
1 + ξ2
|1− ξ2| −mD
2ξ
|1− ξ2|
)(
1− 1
4
ǫ2(1 + ξ2)
)
+O(ǫ4),
gR =
√
2
√
2GFV
∗
UD
(
mU
2ξ
|1− ξ2| −mD
1 + ξ2
|1− ξ2|
)(
1− 1
4
ǫ2(1 + ξ2)
)
+O(ǫ4). (15)
We also have the lepton Yukawa couplings involving the lepton number violating terms
− L = fijΨ¯iLφΨjR + gijΨ¯iLφ˜ΨjR +H.c. (16)
+i(hM )ij
(
ΨiL
T
Cτ2∆LΨ
j
L +Ψ
i
R
T
Cτ2∆RΨ
j
R
)
+H.c. ,
where f and g are 3× 3 Yukawa coupling matrices for the Dirac masses while hM is a 3× 3 Yukawa coupling matrix
to yield the lepton number violating Majorana masses. Focusing on the charged Higgs boson coupling here, we ignore
the masses of neutrinos. We write the Yukawa couplings for leptons by
− L = gl(l¯PLνl)H− +H.c. (17)
where
gl =
√
2
√
2GF ·ml 2ξ|1− ξ2|
(
1− 1
4
ǫ2(1 + ξ2)
)
+O(ǫ4). (18)
III. CONSTRAINTS FROM EXPERIMENTS
A. Top decays at Tevatron
The charged Higgs boson of which mass is mH± < mt−mb can be produced through the top quark decay t→ bH±
competing with the SM decay t→ bW±. The production of such a light charged Higgs boson has been examined using
an integrated luminosity of 193 pb−1 data of CDF collaboration at Tevatron in the MSSM framework [2]. Considering
tt¯ production, the expected number of events for observed channel should be modified in the presence of the charged
Higgs boson, which depends on the top and Higgs branching ratios. Final states of tt¯ events consist of four channels;
all-hadronic channel, lepton+jet channel, dilepton channel, and lepton+τh channel. The expected number of events
in channel k is given by
µk = σ
prod
tt¯
Ak + nbackk , (19)
where σprod
tt¯
is the tt¯ production cross section and nbackk the number of SM-expected background events. The detector
acceptance Ak is defined by
Ak =
∑
i,j
Bi · B¯j · ǫij,k, (20)
where Bi (B¯j) denotes the branching ratios of the t (t¯) quark decaying into i(j)-th modes, which are 1) t → W+b,
2) t → H+b, H+ → cs¯, 3) t → H+b, H+ → τ¯ ν, 4) t → H+b, H+ → t∗b¯, 5) t → H+b, H+ → W+h0, h0 → bb¯. The
efficiencies times integrated luminosity in channel k, ǫij,k are obtained from the Monte Carlo simulation of tt¯ events
depending on the parameters of the model and presented at Ref. [26]. The exclusion region on the model parameter
space is obtained by the absence of the observed charged Higgs boson using the number of events in the CDF data,
which implies that Γ(t→ H+b) < Γ0, where the CDF exclusion limit Γ0 is a function of model parameters.
In the LR model, the relevant model parameters are the charged Higgs mass mH± and the ratio of VEVs for EWSB
ξ ≡ k2/k1 which is corresponding to tanβ in the 2HD type model. Since the dependence of the Yukawa coupling on ξ
is different from that on tanβ, the phenomenology of the charged Higgs boson in the LR model is also different from
that in the 2HD model. As shown in the Eq. (15), Yukawa couplings depend upon ξ in the form of (1 + ξ2)/|1− ξ2|
or ξ/|1 − ξ2|, while those in the 2HD model are proportional to tanβ or 1/ tanβ. Instead of using the number of
events observed in the data, we just read out the bound Br|0 = Γ0/[ΓSMt + Γ(t → H±b)] by comparing the contour
plot of Br(t → bH±) on the (tanβ,mH±) plane presented in Ref. [26] to the exclusion limits given as the results of
Ref. [2] for mH± = 80− 160 GeV. Using this bound, we vary ξ and set the condition BrLR(t→ H±b) < Br|0 for each
5mH± to obtain the exclusion limits on (ξ,mH± ). The exclusion region on (ξ,mH±) plane is depicted in Fig. 1 where
the SM total decay width ΓSMt = 1.42 GeV [25]. We can find that the exclusion region is much different from that of
(tanβ,mH±) plane in the 2HD model presented in Ref [2]. We find that there is a lower bound on mH± > 145 GeV
in the LR model. Note that mH± is proportional to vR, while mt is determined by k+. Thus the parameter region
mH± < mt −mb examined here denotes a very small α3 region.
FIG. 1: Excluded region on (ξ,mH±) parameter space by Tevatron and LEP data at 95 % C.L..
B. Pair production at LEP
At the e−e+ collider, the most promising channel of H± production is the tree level pair production mediated by
neutral gauge bosons. There exist three neutral gauge fields in the LR model, Bµ, W
3µ
L and W
3µ
R . We diagonalize
the mass matrix by an orthogonal transform to produce one massless photon, one massive gauge boson identical to
Z boson, and one new heavy gauge boson Z ′. In the orthogonal transform, we need three mixing angles, θW , θR,
and θξ, among which θW is identical to the Weinberg angle in the SM. We use the notation of angles introduced in
Ref. [17] where the constraints on the mixing angles have been studied in detail. Note that ξ is replaced by θξ in this
paper.
We write the charged Higgs boson couplings to neutral gauge bosons in terms of their physical states. The photon
coupling measures the electric charge of the charged Higgs boson and is same as that in the 2HD model. Since the
mass of Z ′ is bounded by 630 GeV from direct search and 860 GeV from electroweak fit [28], the contribution of Z ′
is suppressed to be 10 % or less compared with those of photon or Z boson. Ignoring the Z ′ contribution, the cross
6section is given by [27]
σ(e−e+ → H−H+) = πα
2
3s
(
1 +
2geV g
H
V
1−m2Z/s
+
(geV
2 + geA
2)gHV
2
(1 −m2Z/s)2
)
β3H , (21)
where βH =
√
1− 4m2H/s is the velocity of the Higgs boson. The ZH+H− coupling is expressed by the mixing of
gauge bosons and charged Higgs bosons such that
gHV = −
gL
2
(cos θξ cos θW + sin θξ cos θR − cos θξ sin θW sin θR) 2(1 + ξ
2)
2(1 + ξ2) + ǫ2(1− ξ2)2
+gR (cos θξ sin θW cos θR + sin θξ sin θR)
ǫ2(1− ξ2)2
2(1 + ξ2) + ǫ2(1− ξ2)2 . (22)
Since we consider the minimal model with gL = gR, the mixing angles satisfy the relation sin θR = tan θW . Moreover
the mixing angle θξ is strongly constrained by the experiment [17]. Thus the contribution to g
H
V in the leading order
of ǫ and θξ is reduced to
gHV = −
e(1− 2 sin θ2W )
2 cos θW sin θW
+O(ǫ2) +O(θξ), (23)
which is equal to that of the 2HD model. Consequently the constraints on the charged Higgs sector of the LR model
from LEP data via the pair production of H± is same in the leading order of ǫ as those in the 2HD model. The
conservative bound from LEP data is depicted in Fig. 1 by quoting in Ref. [29].
C. B → τν Constraints
The purely leptonic B → τν decay proceeds via annihilation of B meson into W boson in the SM and also into H±
in the LR model and 2HD model. The first measurement of the branching ratio of B → τν decay has been performed
by Belle [4]
Br(B− → τ ν¯τ ) = (1.79+0.56−0.49 +0.39−0.46)× 10−4, (24)
which leads to the stringent constraints on the parameter set of the 2HD model via
Br2HD(B → τν)
BrSM(B → τν) =
(
1− m
2
B
m2H
tan2 β
)2
= 1.13± 0.51, (25)
assuming fB [30] and |Vub| [31] are known.
Contributions of the LR model to B → τν decay consist of the heavy W boson and the charged Higgs boson
mediation diagrams as well as the SM contribution. The transition amplitude is given by
M =MW +MW ′ +MH , (26)
where
MW = −
√
2GF fBmτVub cos ζ(cos ζ + sin ζ) (u¯(pτ )PLv(pν)) ,
MW ′ = −
√
2GF fBmτVub sin ζ(sin ζ − cos ζ) · 1
2
ǫ2(1 + ξ2) (u¯(pτ )PLv(pν)) ,
MH = −
√
2GF fBmτVub
m2B
m2H
2ξ
(1 + ξ)2
(
1− 1
2
(1 + ξ2)ǫ2
)
(u¯(pτ )PLv(pν)) . (27)
Since sin ζ ∼ ǫ2, W ′ contribution is suppressed by ǫ4 and ignored here. Although Yukawa couplings are proportional
to 1/(1 − ξ2), MH involves the combination of left-handed and right-handed Yukawa couplings given in Eq. (15),
gL − gR, which is proportional to (1− ξ)2 and cancel the divergent factor 1/(1− ξ)2. The ratio of branching ratios is
given by
BrLR(B → τν)
BrSM(B → τν) =
(
1 +
m2B
m2H
2ξ
(1 + ξ)2
− m
2
W
m2W ′
2ξ
1 + ξ2
)2
. (28)
The new physics effects involve the factor ξ/(1+ ξ)2 and ξ/(1+ ξ2) instead of tanβ and cotβ. Since these factors are
at most 1 with varying ξ, the new physics effects are suppressed by the mass ratio m2B/m
2
H and m
2
W /m
2
W ′ without
enhancement factors. Consequently the LR model effects are at most a few percent and the recent Belle measurement
of Eq. (24) could not provide any bounds on the LR model parameters.
7IV. CONCLUDING REMARKS
If we observe a charged Higgs boson, it is a clear evidence for existence of new physics beyond the SM. The next
step is to find the underlying physics for the Higgs sector. In this work, we examine the charged Higgs sector of the
LR model with the present experiments; H± pair production at LEP, top quark decay into bH± at Tevatron, and B
annihilation decay mediated by H± at B-factory. Observables for each experiments depend upon different couplings
of the charged Higgs from each others. In the 2HD model, the t→ bH± decay rate is governed by the tbH± Yukawa
coupling involvingmt, which is proportional to tanβ inversely, while the B → τν decay depends on the ubH± Yukawa
coupling involving mb, proportional to tanβ. On the other hand, the pair production of the charged Higgs bosons at
e−e+ collision is related to the gauge couplings of H±.
In the LR model, the Yukawa couplings involve the factors of ξ/|1 − ξ2| or (1 + ξ2)/|1 − ξ2| instead of tanβ or
1/ tanβ, while the gauge couplings for the charged Higgs boson are identical to those of the 2HD model in the leading
order of ǫ = k1/vR. Thus the exclusion region of the parameter space on (ξ,mH± ) in the LR model is much different
from that on (tanβ,mH± ) in the 2HD model regarding processes involving Yukawa couplings. Constraints from the
H± pair production through the gauge couplings are similar in both the LR model and the 2HD model and weaker
than the Tevatron bounds obtained in this work. The annihilation decay B → τν turns to provide no additional
constraint on the LR model parameters because it involves the combination of left-handed and right-handed Yukawa
couplings to quarks. In conclusion, we present the constraints on (ξ,mH±) space for the light charged Higgs boson in
the LR model from the present experimental data.
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